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Question One [25 marks]

(a) Name six categories of semiconductors. (6)

(b) With the aid of appropriate chemical formulas, discuss the extraction of silicon (Si) from

silicon dioxide (Si0O»). 4)
(c) Determine the fraction of an fec unit cell volume filled with hard spheres. 0]

(d) Sketch a cubic lattice and show four {111} planes with different orientations. Repeat this for

{110} planes. 4

(e) Differentiate between a primitive cell and a unit cell, and further state the utility of both

concepits. (2)

(f) Fig. 1.1 is a schematic description of the Czochralski technique of semiconductor crystal

growth. Describe semiconductor crystal growth by this technique. 5




Question Two [25 marks]

(a) State two means by which the electrical conductivity of a semiconductor can be varied.  (2)

(b) Fig. 2.1 shows the experimental setup for the determination of maximum kinetic energies of

ejected electrons during the photoelectric effect.
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Fig. 2.1

(i) Describe this experiment. 4

(i) Classical physics predicted that the number of photoclectrons ejected from the surface
of a metal is unaffected by the intensity of incident light. Experiment showed that an
increased number of electrons are ejected as the intensity of light increases. Explain this

experimental observation. 3)

(¢) Fig. 2.2 shows electronic transitions between atomic orbits according to the Bohr model for

the hydrogen atom.




Fig. 2.2

(i) Name the emission spectral groups labeled A —C. (3)

(ii) Show that the frequency of a light photon emitted during the transition of an electron

4
. . . 1 1 )
from orbit n, to orbit #, is given by vo1 = ——’12?—%—2 5| where symbols have their
32n Soh h H L)

usual meanings. (10)
(iii) Using this diagram, or otherwise, explain the Ritz combination principle. 3)




Question Three 125 marks]

(a) Given that a plane wave has the wave function y(x) = Aejkxx, deduce an expression for the

expectation value of p, the x-component of its momentum. (5)

(b) A particle in an infinite potential well from x=0 to x= L in the n=1 state has the wave
function W(x) = %sin(%) Deduce an expression for the probability of finding a particle that

lies anywhere from x=0to x=/ suchthat 0</< /L. ' (5)
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(¢) The time-dependent wave function for an electron of mass m is w(x, t)=Ae™

where j=J—_1 andreal A2a>0.
(i) Find 4. 3)

(ii) Find the expectation value <x2> for the electron's position. 2)

(d) Schematically show the number of electrons in the various subsheils of an atom that has the
electronic shell structure 15°25°2p" and an atomic weight of 21. Indicate the number of electrons
and protons that exist in the nucleus, and determine by stating the reason whether this atom is

chemically reactive or not. (5)

(e) Derive an expression for the effective mass of an electron in a band, and further show that it

is determined by the band curvature. (5)




Question Four [25 marks]

(a) (i) State two basic circuit functions performed by transistors.

(i) Fig. 4.1 is a circuit diagram that represents the principle of operation of a FET.
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1. State the function of each of the two circuit loops shown.
2. Describe the principle of operation of the device.

3. Briefly outline how the steady state values of i, and v, can be found.

(b) Fig. 4.2 is a schematic of the geometry of an n-channel JFET.
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Fig. 4.2

() Name the components labeled A —C.

(i) Describe the characteristic features and operation of the device.
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(iii) What would be the implication of making the channel p-type and the other regions »-

type?

()




(iv) Draw a diagram of the #-channel JFET to illustrate its geometry of the when the gate is
short-circuited to the source and the drain current is increased. Explain your geometry.  (5)
(v) Explain what happen to the above geometry as the drain voltage and current are further

increased. 3)




Question Five [25 marks]

(a) The conducting channel of a certain semiconductor device is depleted by using a reverse-

biased Schottky barrier instead of a p —» junction,
(i) Name the device that operates by this mechanism.
(ii) Draw such a device with a channel of » -GaAs. Explain why it has no body contact.
(iii) State one use of such a device.
(iv) Why is GaAs preferred over Si for the channel of this device?
(v) Why is the substrate normally doped with chromium (Cr)?
(vi) What is the implication of applying a reverse bias to the Schottky gate?

(b) Fig. 5.1 shows a cross-sectional view of an n-channel MOSFET.

Fig. 5.1
(i) Outline the impact of applying a positive voltage to the gate relative to the substrate.
(ii) State the cause and implication of the conducting channel becoming less p-type.

(iii) Briefly describe the design and operation of the p-type version of the device.

(¢) Why are GaAs solar cells more efficient than Si solar cells?
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Conversion factors

leV =1.60218x107" )

The periodic table of elements

Physical constants

Speed of light
Planck's constant
Boltzmann constant
Electronic charge
Electron mass

Proton mass

Permittivity of free space

Useful Constants and Conversion Factors, and the Periodic Table of Elements

¢=3.00x10°*m/s
h=6.63%x107"]s
k=138x10"J/K
e=1.602x107"C
m, =9.11x107" kg

m, =1.67x107 kg

e, =8.8542x1072 C?N'm?
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Special definite and indefinite integrals
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